Four simple, rapid, accurate, precise, reliable and economical spectrophotometric methods have been proposed for simultaneous determination of ambroxol, guaiphenesin and levosalbutamol sulphate, in pure and pharmaceutical formulations without any prior separation or purification step. The methods are first derivative zero crossing spectrophotometry, simultaneous equation, derivative ratio spectra zero crossing and double divisor ratio spectra derivative method. Developed methods show best results in terms of linearity, accuracy, precision, LOD and LOQ for standard laboratory mixtures of pure drugs and marketed formulations. Common excipients and additives did not interfere in determinations of these APIs. Results obtained by the proposed methods have been statistically compared by means of student t-test.
INTRODUCTION

Ambroxol HCl (AB) chemically known as trans-4-(2-Amino-3,5-dibrombenzylamino)-cyclohexanol hydrochloride, is a secretolytic agent used in the treatment of respiratory diseases associated with viscid or excessive mucus. Levosalbutamol sulphate (LS) chemically known as 4-[(1R)-2-(tertbutylamino)-1-hydroxyethyl]-2-(hydroxymethyl) phenol
, it is used to treat asthma and chronic obstructive pulmonary disease. Guaiphenesin (GF) chemically known as (RS)-3-(2-methoxyphenoxy) propane-1,2-diol, an expectorant that also has some muscle relaxing action. AB [1] and GF [2] [3] are official in IP and BP. The official methods involve determination of AB [4] and GF [5] using potentiometer for pure drug but method has not been described for formulation. Some procedures have been described for the assay of either LS or AB or GF in single dosage forms [4] [5] [6] [7] . AB, GF and LS mixture is not yet official in any pharmacopoeia but few formulations are available in generic market. As per literature, no analytical methods could be traced for the analysis of AB, GF and LS combination in pharmaceutical dosage forms. Therefore simple, rapid and reliable methods for simultaneous estimation of these drugs in mixture seemed to be necessary.
Spectrophotometric methods of analysis are more economic and simpler, compared to methods such as chromatography and electrophoresis. Under computer-controlled instrumentation, derivative spectrophotemetry is playing a very important role in the multicomponent analysis of mixtures by ultravioletvisible molecular absorption spectrophotometry [7] . Ternary mixtures can be easily resolved by means of a spectrophotometric method, which is based on the simultaneous use of "zero-crossing" and "ratio spectra derivative" methods [7] [8] . The aim of this work is to investigate the utility of derivative spectrophotometry and to develop reliable spectrophotometric procedures for the simultaneous determination of AB, GF and LS either in laboratory samples, or in commercial dosage forms without any prior separation of individual drugs. AB, GF and LS have closely overlapping spectra, which prevents the use of zero-order UV-VIS spectrophotometry for their determination. Derivative spectrophotometry is a very useful tool for overcoming this problem. This technique has been successfully applied in pharmaceutical and environmental analysis for determination of drugs in multicomponent systems [8] [9] .
In this work, various orders of derivative and different kinds of measurements were assayed, i.e., zero-crossing first derivative [8] [9] [10] , simultaneous equation method [11] [12] , ratio-spectra first derivative zero crossing [13] and double divisor ratio spectra derivative method [14] . Four methods have been successfully developed for mentioned combination and satisfactory results were obtained. A brief comparison between usefulness of different procedures was attempted. Solutions Stock solutions, 1 mg mL -1 in distilled water, of pure samples of LS, AB and GF were freshly prepared individually. Syrup dosage form Ascoril LS containing 0.5 mg of LS, 15 mg of AB and 50 mg of GF. Each time 5 ml of liquid formulation was used for the study. Procedure All reagents were tested for stability in solution and during the actual analysis. The behavior of the analytes remained unchanged up to about 24 h from their preparation at the room temperature. All the three drugs were found to be stable during each kind of experimental measurements. Each measurement was done at room temperature.
EXPERIMENTAL
Instruments
Third derivative zero crossing spectrophotometry (Method 1) Absorption spectra of the samples were recorded between 220-400 nm against a reagent blank (same samples without compounds to be determined) using a 1.0 cm quartz cell. Zero order spectra of pure drugs were stored individually within above concentration ranges and were derivatized in third order using delta lambda 4 and scaling factor 10 for all three drugs. The third derivative amplitudes were recorded at 252.2 nm, 282.6 nm and 285 nm for determination of AB, GF and LS respectively. Standard laboratory mixtures of AB, GF and LS in 15: 50: 0.5 ratios were prepared and absorbance was measured at 252.2 nm, 282.6nm and 285nm for AB, GF and LS respectively.
Simultaneous equation method (Method 2)
This method is based on third derivative and wavelengths selected for estimation of AB, GF and LS were 252.2 nm, 282.6 nm and 285 nm respectively. However, in contrast to first method, this method utilized simultaneous equations (Vierdot's method) on derivative spectra to overcome spectral interference at selected wavelength. The first derivative absorptivity coefficients were determined at the selected wavelengths. A set of three equations framed using these coefficient values were listed below:
Where, C AB , C GF and C LS are the concentration of AB, GF and LS respectively; DA AB , DA GF and DA LS are the first derivative amplitudes of mixture at 252.2 nm, 282.6 nm and 285 nm. These equations were directly utilized for simultaneous estimation of AB, GF and LS in standard laboratory mixture as well as the marketed formulations.
Derivative ratio spectra zero crossing spectrophotometry (Method 3) Absorption spectra of pure drugs and their ternary mixtures were recorded between 210 -320 nm. Absorption spectra of pure AB and their ternary mixture were divided by a standard spectrum of 20 µg mL -1 of LS, absorption spectra of pure GF and their ternary mixture were divided by a standard spectrum of 20 µg mL -1 of LS and absorption spectra of pure LS and their ternary mixture were divided by a standard spectrum of 20 µg mL -1 of GF and first derivative of the ratio spectra were plotted using delta lambda 8 nm and scaling factor 10. In the ternary mixture, concentration of AB, GF and LS were proportional to the first derivative ratio signals at 297 nm (zero crossing point for GF where 20 µg mL -1 of LS was used as divisor), 275.6 nm (zero crossing point for AB where 20 µg mL -1 of LS was used as divisor) and 227.5 nm (zero crossing point for AB where 20 µg mL -1 of GF was used as divisor) respectively. Calibration graphs were obtained by measuring the derivative ratio amplitudes against increasing concentration of pure AB, pure GF and pure LS using respective divisors. Contents of AB, GF and LS in standard laboratory mixture and commercial formulation were determined by use of above mentioned procedure.
Double divisor ratio spectra derivative method (Method 4)
Absorption spectra of the pure drugs and their ternary mixtures were recorded between 210 -320 nm. The absorption spectra of AB and their ternary mixture were divided by a standard spectrum obtained by the addition of stored spectrum of 20 µg mL -1 of LS and 20 µg mL -1 of GF and first derivative of the ratio spectra was plotted using delta lambda 4 nm and scaling factor 1. In the ternary mixture, concentration of AB was proportional to first derivative ratio signals at 240.4 nm. Calibration graph was obtained by measuring derivative ratio amplitudes against increasing concentration of pure AB by using same divisor described above. Content of AB was determined by use of above mentioned calibration graph. Similarly, for determination of GF, a standard spectrum obtained by the addition of stored spectrum of 20 µg mL -1 of LS and 20 µg mL -1 of AB was used as divisor and for LS determination, a standard spectrum obtained by the addition of stored spectrum of 20 µg mL -1 of GF and 20 µg mL -1 of AB used as divisor. First derivative of the ratio spectra were plotted using delta lambda were 4 nm and scaling factor 1. In the ternary mixture, the concentration of GF and LS were proportional to the first derivative ratio signals at 262.4 nm and 289.1 nm respectively. Calibration graphs were obtained by measuring the derivative ratio amplitudes against increasing concentration of pure GF and LS by using same respective divisors described above.
RESULTS AND DISCUSSION
Absorption spectra of the three compounds LS, AB and GF overlapped closely shown in Fig. 1 . It is clearly observed that determination of these compounds was not possible by direct measurements of absorbance in zeroorder spectra. On the other hand, derivative spectroscopy shows more resolution and makes it possible to analyze each drug in presence of one another as well as in the presence of other excipients without requirement of any pretreatment.
Third derivative zero crossing spectrophotometry (Method 1)
In contrast to zero order spectra, third derivative spectra show more resolution in terms of zero-crossing points shown in Fig. 2 . The third derivative wavelengths were considering 252.2 nm for AB, 282.6 nm for GF and 285 nm for LS determination. At 252.2 nm there is not contribution of GF and LS, AB was determined at this wavelength in the presence of other two drugs represented in Fig 3a. At 282.6 nm, both AB and LS show zero absorbance; therefore GF was determined at this wavelength without any interference of other two represented in Fig. 3b . At 285 nm LS was determined because it was zero crossing point for both AB and GF shown in Fig. 3c . The developed method was validated accurately and results of accuracy are shown in Table 1 , summary of various validation parameters are listed in Table 2 and 3, results of marketed formulation analysis are listed in Table 4 .
Figure1:
Zero order overlain spectra of AB (20 µg mL 
Simultaneous equation method (Method 2)
Three equations were directly utilized for the simultaneous estimation of AB, GF and LS in standard laboratory mixture as well as the marketed formulations. The developed method was validated accurately and results of accuracy were shown in Table 1 , summary of various validation parameters were listed in Table 2 , results of marketed formulation analysis were listed in Table 5 .
Derivative ratio spectra zero crossing spectrophotometry (Method 3) An accurate choice of either standard divisors or working wavelengths is fundamental for this method. In particular, by increasing or decreasing the concentration of divisor, resulting derivative values proportionately decreased or increased, with consequent variation of both sensitivity and linearity range. Several tests were made in a preliminary investigation by using standard divisors in the concentration range from 5 to 60 µg mL -1 . The best results in terms of signal-to-noise ratio, sensitivity, repeatability, and range of validity of Beer's law were found by using 20 µg mL -1 of LS as divisor for AB and GF determination and 20 µg mL -1 of GF as divisor for LS determination. The first derivative wavelengths were considering 297 nm for AB determination, 275.6 nm for GF determination and 227.5 nm for LS determination. 297 nm was used for AB determination because there is not contribution of GF at this wavelength (20 µg mL -1 LS as divisor) shown in Fig. 4a . Similarly 275.6 nm was used for GF determination because it was zero crossing point for AB (20 µg mL -1 LS as divisor) shown in Fig. 4b . 227.5 nm was used for LS determination because at this wavelength AB had zero absorbance (20 µg mL -1 GF as divisor) shown in Fig. 4c . The developed method was validated accurately and results of accuracy are shown in Table 1 , summary of various validation parameters are listed in Table 3 , results of marketed formulation analysis are described in Table 6 .
Figure4a:
Determination of AB at 297 by Method 3 in the presence of GF using LS (20 µg mL -1 ) as divisor.
Figure4b:
Determination of GF at 275.6nm by Method 3 in the presence of AB using LS (20 µg mL -1 ) as divisor.
Figure4c:
Determination of LS at 227.5 nm by Method 3 in the presence of AB using GF (20 µg mL -1 ) as divisor.
Double divisor ratio spectra derivative method (Method 4)
In order to obtain the best spectra recoveries for AB, GF and LS it is necessary to study and optimize parameters such as standard divisor concentration, scaling factor, delta lambda etc. The best results in terms of signal-to-noise ratio, sensitivity, repeatability, and range of validity of Beer's law were found by using a standard spectrum obtained by the addition of stored spectrum of 20 µg mL -1 of GF and 20 µg mL -1 of LS as divisor for AB determination. For GF determination, best results were obtained using a standard spectrum obtained by the addition of stored spectrum of 20 µg mL -1 of AB and 20 µg mL -1 of LS as divisor. Similarly for LS determination best results were obtained when a standard spectrum obtained by the addition of stored spectrum of 20 µg mL -1 of AB and 20 µg mL -1 of GF is used as divisor. The first derivative wavelengths were considering 240.4 nm for AB determination, 262.4 nm for GF determination and 289.1 nm for LS determination. Wavelengths were selected on the basis of maximum amplitudes and best linearity represented in Fig. 5a-5c . The developed method was validated accurately and results of accuracy are described in Table 1 , summary of various validation parameters were listed in Table 3 , results of marketed formulation analysis are listed in Table 7 . 
